n 



(19) 



J 



Europdf aches Patentamt 
European Patent Office 
Office europeen dee brevete 



(12) 



01) EP 0 915 587 A* 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

12.05.1999 Bulletin 1999/19 

(21) Application number: 98440243.8 

(22) Date of filing: 02.11.1998 



(51) Intel * H04L7/00, H04J 3/06, 
H04L 12/56 



(84) Designated Contracting States: 


(72) Inventor: Powell, William Edward 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Gary, North Carolina 27511 (US) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: Bros©, Gerhard, Dlpl.-lng. et al 


At- LT LV MK RO SI 


Alcatel 




Intellectual Property Department, Stuttgart 


(30) Priority: 04.11.1 S97 US 963786 


Postf ach 30 09 28 


70449 Stuttgart (DE) 


(71) Applicant: ALCATEL 




76008 Parle (FR) 





(54) Low jitter timing recovery technique and device for asynchronous transfer mode (ATM) 
constant bit rate (CBR) payloads 



(57) An existing synchronous residual time stamp 
(SRTS) algorithm (76, 78, 80, 82, 106, 104) is used in 
conjunction with adaptively filtered buffer fill information 
(74) to reconstruct an original constant bit rate (CBR) 
payload clock rate (102) for asynchronous transfer 
mode (ATM) CBR payloads (88, 96). The SRTS time 
stamp (96) is used as the primary factor used to recover 
the payload clock rate, but a secondary payload fre- 
quency correction factor (112) is generated by filtering 



(118, 120) the desynchronizer buffer fill position. This 
correction factor is determined as part of a feedback ar- 
rangement which adaptively (128) alters the filtering 
time constant based on the offset position of the buffer 
from its center. In this way, payload clock frequency 
(102) is corrected, even in the presence of loss of syn- 
chronization PRStraceability between mapping and de- 
synchronizer nodes to keep the desynchronizer buffer 
from overflowing. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field of the Invention 

[0001] The present invention relates to payload clock 
recovery in an ATM network node desynchronization for 
constant bit rate (CBR) services and, more particularly, 
to an improvement to a synchronous residual time 
stamp (SRTS) clock recovery technique. 
[0002] The present invention thus also relates to the 
ATM adaptation layer (AAL) of asynchronous transfer 
mode (ATM) communication networks and, more partic- 
ularly, to that class of services transported over the ATM 
layer In which the services are connection oriented, 
have a constant bit rate (CBR) and have a time relation 
between source and destination (SRTS- AAL, type 1; 
may also apply to AAL 5, where there is a relationship 
between frequency output and source clock ~f encoder, 
e.g., video). 

2. Discussion of Related Art 

[0003] The concept of a residual time stamp (RTS) is 
described in the article, 'Synchronous Techniques for 
Timing Recovery in BISDN", by Richard C. Lau and Paul 
E. Fleischer, in IEEE Transactions on Communications, 
Vol. 43, No. 2/3/4, February/March/April 1995, pp. 
1810-1818. 

[0004] A known algorithm for carrying out this concept 
mimics the bit stuffing method of mapping a digital signal 
1 (DS1) or digital signal 3 (DS3) payload into a virtual 
tributary (VT) or synchronous transport signal level 1 
(STS1) synchronous payload envelope (SPE) already 
known from the synchronous optical network (SONET) 
standard promulgated by the American National Stand- 
ards Institute (ANSI) by means of standard T1. 105.x- 
199y. The known algorithm is only defined for the opti- 
mistic assumption that loss of synchronization tracea- 
bility at different parts of the public telephone network is 
rare. The SRTS algorithm is defined in ANSI 
T1 .630-1993, in Bellcore TA-NWT-001113, by the Inter- 
national Telecommunications Unit (ITU) in ITU-T Rec- 
ommendation 1. 363, and ATM Forum specifications 
wherein SRTS is to be used for AAL 1 mapped CBR 
payloads such as DS1 , DS3, and fixed bit rate video. As 
suggested above, the already-defined SRTS algorithm 
defines a normal mode condition, traceability to a net- 
work primary reference source (PRS) with a long-term 
accuracy of 10 -11 or better, as well as a degraded mode 
condition (loss of PRS synchronization traceability), 
which is stated to not be part of the SRTS standardized 
definition. 

[0005] If one were to implement the SRTS algorithm 
alone In a desynchronizer for a CBR service, when syn- 
chronization traceability to a PRS is lost, either tempo- 
rarily or long-term, constant desynchronizer buffer spills 



could occur. The rate of buffer spills is dependent on the 
desynchronizer buffer size and the network synchroni- 
zation frequency error between the mapping and desyn- 
chronizer nodes. 

5 

SUMMARY OF INVENTION 

[0006] The object of the present invention is to provide 
an improved CBR timing recovery algorithm that not on- 
to ry uses available SRTS time stamp information for pay- 
load clock rate reconstruction, but also incorporates 
adaptive filtered desynchronizer fill information to guard 
against buffer spills and resulting payload corruption. 
[0007] According to the present invention, an im- 

is proved device for recovering, at a receiving node of an 
ATM network, a source clock frequency used at a trans- 
mitting node for sending ATM cells through the network 
to the receiving node by reference to a first network de- 
rived clock frequency derived at the transmitting node 

20 from a network clock, wherein a residual time stamp 
(RTS) provided from the transmitting node via the ATM 
cells to the receiving node is indicative of a difference 
frequency between the source clock frequency and the 
first network derived clock frequency and wherein the 

25 RTS is compared at the receiving node to a second net- 
work derived clock frequency derived at the receiving 
node also from the network clock for providing a differ- 
ence signal indicative of the source clock frequency, 
plus or minus a differential frequency indicative of any 

30 difference between the first network derived clock fre- 
quency and the second network derived clock frequen- 
cy, wherein the improvement comprises an adaptive fil- 
ter, for use in the receiving node, responsive to the dif- 
ference signal indicative of the source clock frequency 

3$ and to a buffer position signal indicative of a fill level of 
a buffer of the receiving node for storing payload data 
of the ATM cells received at the receiving node, for pro- 
viding the difference signal indicative of the source clock 
frequency corrected by the adaptive filter. 

40 [0008] The basic idea is to use the existing SRTS al- 
gorithm in conjunction with adap t: /ely filtered buffer fill 
information to reconstruct the original CBR payload 
clock rate. That is, the SRTS time stamp is used as the 
primary factor to generate the payload clock rate. A sec- 

45 ondary payload frequency correction factor is generated 
from filtering the desynchronizer buffer fill position. This 
correction factor is determined as part of a feedback ar- 
rangement which adaptively alters the filtering time con- 
stant based on the offset position of the buffer from its 

so center. 

[0009] In this way, not only is the payload clock fre- 
quency corrected even in the presence of loss of Prima- 
ry Reference Source (PRS) synchronization traceability 
between mapping and desynchronizer nodes, thereby 
55 keeping the desynchronizer buffer centered, but the ac- 
tual average phase of the payload source clock and the 
payload destination clock is, on average, preserved, 
minimizing the probability of buffe r spills due to sync net- 
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work transients and holdover conditions, as welt as 
changes to the payload source rate. 
[0010] These and other objects, features and advan- 
tages of the present Invention will become more appar- 
ent in light of the following detailed description of a best s 
mode embodiment thereof, as illustrated in the accom- 
panying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

10 

[0011] Fig. 1 shows a prior art transmitting node for 
transmitting a CBR payload through an ATM network 
having a desynchronizer at a receiving node that utilizes 
a synchronous residual time stamp inserted at the trans- 
mitting node for recovering the payload clock frequency is 
at the receiving node. 

[0012] Fig. 2 shows the segmentation and reassem- 
bly (SAR) structure for ATM adaptation layer 1 , i.e., ad- 
aptation for constant bit rate (CBR) services, according 
to the prior art. 

[0013] Fig. 3 shows the synchronous residual time 
stamp (SRTS) concept, according to the prior art. 
[0014] Fig. 4 6hows an SRTS transmitter for a trans- 
mitting node, such as node 1 of Fig. 1 , according to the 
prior art. 

[001 5] Fig. 5 shows an SRTS receiver for reconstruc- 
tion of the source clock in a receiving node, such as 
node 2 of Fig. 1 , according to the prior art. 
[0016] Fig. 6 shows an improved SRTS receiver, ac- 
cording to the present invention, having an adaptive fil- 
ter added in-line with a feedback loop for providing a 
correction signal to the time stamp. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] Fig. 1 shows a typical prior art network appli- 
cation for constant bit rate (CBR) payload mapping into 
an AAL 1 format using the SRTS algorithm disclosed by 
Lau et al In the above-mentioned article, "Synchronous 
Techniques for Timing Recovery in BISDNV A CBR pay- 
load on a line 10 may comprise forty-seven octets of us- 
er information provided to a first or transmitting node 12 
at a source clock frequency f s . In other words, the CBR 
signal is segmented into 47 -octet units having a bit rate 
f e for transmission in ATM cells over a network. It should 
be realized that the 6ignal on the line 1 0 may be provided 
by an SAR-SDU conversion block (not shown) for strip- 
ping off the first octet of the segmentation and reassem- 
bly (SAR) structure for AAL1 shown in Fig. 2 as com- 
prising forth-eight octets and described in detail below. 
[001 8] The source frequency f s is compared in a com- 
parator 14 with a first network derived clock frequency 
f w on a line 16 from a "local sync 1 " source 17. The local 
sync source 1 7 is responsive, i.e, is traceable to a Stra- 
tum 1 clock having an accuracy of 10* 11 or better. The 
result of the comparison is a Synchronous Residual 
Time Stamp (SRTS) signal on a line 18, to be described 



in more detail below and indicative of a difference be- 
tween the source clock frequency f fl and the first network 
derived clock frequency f^. I.e., f a - f„x -> Af SRTS . The 
47-octet units on the line 10 are then mapped with the 
SRTS time stamps on the line 18 in an ATM mapping 
unit 20, which provides the time stamp information in a 
convergence sublayer (CS) indication bit shown along 
with three bits of a sequence number (SN) and four bits 
of a sequence number protection (SNP) block in the al- 
together forty-eight octets illustrated in Fig. 2, which are 
preceded by five (not shown) octets assigned to be the 
header of a fifty-three octet ATM cell. 
[0019] Fig. 2 shows the above-mentioned segmenta- 
tion and reassembly (SAR) structure for AAL 1 . As de- 
scribed in Section 3.4.3 of the book "Asynchronous 
Transfer Mode", Second Edition by Martin DePrycker, 
published by Ellis Horwood, 1993, the ATM adaptation 
layer enhances the service provided by the ATM layer 
of an Open Systems Interconnection (OS!) model which 
is extendable to all sorts of communication systems as 
shown in Fig. 3.4 of the above mentioned book. The 
ATM adaptation layer, as described in Section 3.4.3, is 
subdivided into two sublayers including a segmentation 
and reassembly (SAR) sublayer and a convergence 
sublayer (CS), the latter of which performs functions like 
message identification, time/clock recovery, etc. 
[0020] "Adaptation for constant bit rate (CBR) servic- 
es: AAL 1 " is described in Sectbn 3.7.2 of the above 
mentioned DePrycker book at pages 130-132 thereof. 
There, the layer services provided by the AAL type 1 to 
the AAL user are described as including (1) transfer of 
service data units (SDU) with a constant source bit rate 
and their delivery with the same bit rate, (2) transfer of 
timing information between source and destination, (3) 
transfer of data structure information, and (4) indication 
of lost or errored information which is not recovered by 
the AAL itself, if needed. 

[0021] According further to DePrycker, the conver- 
gence sublayer (CS) depends on the particular service; 
source clock recovery at the receiver may be accom- 
plished by several methods including the CCITT recom- 
mendation of using the Synchronous Residual Time 
Stamp (SRTS) method. There, a Residual Time Stamp 
(RTS) is used to measure and convey information to the 
receiver about the difference between a common refer- 
ence clock derived from the network at both the sender 
and receiver, and the service clock of the sender. The 
RTS is transported in the CS Indication (CSI) bits of suc- 
cessive Segmentation And Reassembly (SAR) Protocol 
Data Units (PDUs). 

[0022] At a receiver or desynchronizer 22 in Fig. 1, 
after traversing a network 23, the SAR sublayer thus 
gets a known 48-byte block from the ATM layer, and then 
separates the SAR protocol data unit (PDU) header oc- 
tet. The 47-octet block of SAR-SDU payload is passed 
to the CS. All of this is shown in the above-mentioned 
DePrycker book, in Sec. 3.7.2. Associated with each 
47-octet SAR-SDU, there is provided a sequence 
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number (SN) value from the CS of the sending unit. At 
the receiving end, this number is passed to the peer CS. 
It may be used to detect loss and mis-insertion of SAR 
payloads, i.e., to detect lost or inserted ceils. As further 
shown by DePrycker, the SAR layer has also th« raoa- s 
biiity to indicate the existence of the CS layer. Associat- 
ed with each 47-octet SAR-SDU, a CS indication bit is 
provided. 

[0023] De-mapping is generally illustrated by an "ATM 
De-Map' block 24 in the receiving node 22 in Fig. 1 . With 10 
a straightforward implementation of payload clock re- 
covery using a recovered SRTS on a line 25, as summed 
in a summer 26 with a local sync signal on a line 28 in 
the desynchronizer of the receiving node 22, an offset 
to the original payload frequency f s occurs on a lirv 30 is 
when there is a difference (dF) in synchronization fre- 
quency (f^) between the local sync 17 signal on the line 
16 at node 1 and the local sync signal on the line 28 
from a 'local sync 2" source 32. The synchronization oil- 
set causes a payload frequency offset, which in turn 20 
causes a ramping in payload phase in the desynchro- 
nizer buffer proportional to the frequency difference dF. 
The exact equation for the ramp rate is 

A$ _ dF 25 
AT" f 

where A$ equals the phase movement of payload in a 
AT time period, and dF/f is the fractional frequency offset 
of the two sync signals. Thus, if the sync signal f = 30 
1 .544000 and dF equals 1 .544 Hz, dF/f = 1 .544/1 .544 
x 10 6 = 1 ppm. I.e., A0/AT = 1 microsecond/second. 
[0024] The receiver 22 usually includes a data buffer 
33 (shown in simplified form) responsive to SAR-SDU 
ceils from the ATM De-Map block 24 and to the recov- 35 
ered payload clock on the line 30 for providing a CBR 
payload output, as shown in Fig. 1 . 
[0025] The above-mentioned article by Lau et al at 
page 1817 discusses that even in the synchronous 
mode of operation, the phase of the reference clock may 40 
have short-term fluctuation. However, according to Lau 
et al, as far as SRTS is concerned, this short-term phase 
error can easily be absorbed by using a slightly larger 
size for the RTS and data buffer. 

[0026] The SRTS is, as is known in the art, an im- 4S 
provement over the prior art time stamp <TS) approach, 
where a network clock (f^) was used to drive a multi-bit 
counter (e.g., 16-bits) which was sampled every fixed 
number of generated cells (e.g., 16). In that case, a fixed 
number, N, of service clock cycles (N) were used as a so 
reference. The full sampled value of the 16-bit counter 
was used as the time stamp for conveying a frequency 
difference between the local transmitting source clock 
(f 9 ) and the network derived clock (f^). The two bytes 
of the time stamp were to be transmitted via the conver- ss 
gence sublayer (CS) overhead, i.e., a 16-bit binary 
number occurring once every N service clock cycles. 
This required a somewhat heavy overhead burden. 



[0027] Due to the insight by Lau et al, as shown in Fig. 
3 hereof, that the actual number of network clock cycles, 
M (where M is not necessarily an integer), deviates from 
a nominal known number of cycles by a calculable de- 
viation (2y), it was realized that it was not necessary to 
transmit a digital representation of the full quantized ac- 
tual number (M) of network clock cycles within the inter- 
val. Only a representation of that number as it exists 
within a defined window (Tolerance = 2y) surrounding 
an expected, or nominal, number of network clock puls- 
es (M^ or M n ) is transmitted from the source node to 
the destination node in an ATM network. This is the 
meaning of the above-mentioned residual time stamp, 
as fully disclosed in the above-mentioned article "Syn- 
chronous Techniques for Timing Recovery in BISDN", 
by Richard C. Lau et al. 

[0028] As explained by Lau et al, for accurate clocks, 
the range of M n is very tightly constrained, i.e., M^ - 
M mb , = 2y is much less than M^ and the variation in S n 
is also much smaller than its magnitude. It therefore fol- 
lows that 

[0029] Since the maximum and minimum of are 
one and zero respectively, S n is bounded by 

[ M mJ*S n MM max ] + 1. 

[0030] As pointed out by Lau et al, this implies that 
the most significant portion of S n carries no information, 
and only the least significant portion needs to be trans- 
mitted. This is the basic idea of the prior art RTS. As 
expressed below, the minimum resolution required to 
represent the residual part of S n unambiguously is a 
function of N, the ratio of the network derived frequency 
to the source frequency, and the source clock tolerance, 
±e. 

[0031] For example, in the Lau article, where N is de- 
fined as the period of the RTS in units of the source clock 
(f 6 ) cycles, let N = 3008, i.e., the number of bits in eight 
cells, each having forty-seven cc'>. \z (see SAR-SDU of 
Fig. 2). If the network clock frequency (f n ) is equal to 
155.52 MHz (T^ = 6.430 x 10' 9 s) and the source clock 
frequency is 78.16 MHz (nominal) with T a = 12.79 x 
10" 9 s, then M nominal = N x T/T nx = 5985.2119, I.e., 
there are nominally 5,985.2119 network-derived clock 
edges in the T n seconds of the N cycles of the source 
clock. 

[0032] If the tolerance of the source clock frequency 
(e) is known in parts per million, according to the above 
article by Lau et al, then the maximum deviation be- 
tween M nom and M max or M mln is defined by the relation 
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y= A/xf xe. 

[0033] For the example where f nx = 1 55.52 MHz and 
f e =78.16 MHz (nominal), and the RTS sampling period 
is 3008, and the source clock tolerance is 200 ppm, i.e., 
+ 200 x 10-* It follows from the above expression that 
y = 1 . 1 97. From this, it can be seen that It is superfluous 
to transmit the full S n , which equals M n + D n , where D n 
is the leftover fractional part from the previous interval. 
[0034] As shown for a transmitting node in Fig. 4 (such 
as the node 12 of Fig. 1), the number of bits required to 
represent the number of network clock cycles within N^. 
c|e is substantially reduced by selecting the number of 
bits, P, so that ail 2 P possible different bit patterns 
uniquely and unambiguously represent the range of 
possible numbers of network clock cycles within the 
fixed tolerance interval. This Is signified in Fig. 3 by the 
size of 2 P being broader than that of 2y. 
[0035] Thus, a free-running P-bit counter 34 counts 
clock edges of clock cycles in a first network derived 
clock signal f ^ on a line 36 which is derived from the 
network clock (PRS). The service clock f 8 on a line 38, 
which is derived from the incoming data signal to be 
transmitted over the ATM network, is divided in a divider 
40 by the factor of N to produce a pulse signal on a line 
42 having the RTS period T n seconds shown in Fig. 3. 
This defines the time interval for measuring the number 
(modulo 2 P ) of derived network clock pulses. At the end 
of each RTS period, the current count of the free-running 
P-bit counter on a line 44 is sampled in a latch 46. That 
sampled value is the RTS on a line 48, which is trans- 
mitted via the adaptation layer 
[0036] As shown in Fig. 1 , since the service clock f s 
from which the RTS period is defined and the derived 
network clock f nx are neither synchronized nor integrally 
related in frequency, the actual number of derived net- 
work clock cycles in an RTS period is most unlikely to 
be an integer. Thus, when sampled at the receiving node 
22 of Fig. 1 at the end of each RTS period, the increment 
in the count of the P-bit counter is a quantized version 
of the count (modulo 2 P ) pulses in the RTS interval, as 
modified by any accumulate! fractional counts from a 
previous interval. 

[0037] As shown in Fig. 5, at the destination node, af- 
ter the AAL is processed, the successive RTS6 on a line 
50 are converted into a pulse signal which has periods 
between pulses defined by the fixed integral numbers 
of derived network clock pulses that correspond to the 
conveyed RTS periods. Specifically, a free-running P- 
bit counter (C R ) 52 is driven by the derived networkclock 
i M on a line 54. A P-bit comparator 56 compares this 
count with a stored received RTS from a storage medi- 
um (FIFO) 58 and produces a pulse output on a line 60 
upon a match. Since the count of the P-bit counter 
matches the stored RTS every 2 P derived network clock 
cycles, comparator output pulses that do not actually 



represent the end of the RTS period are inhibited by gat- 
ing circuitry 62 shown in dashed lines in Fig. 5. This gat- ~. 
ing circuitry includes a second counter 64 that counts 
the derived network clock cycles occurring since the end 

s of the previous RTS period. When this second counter 
reaches a count equal to the minimum possible number 
of derived network clock pulses within an RTS period, 
the next comparator pulse output on the line 60 pro- 
duced upon a match between the RTS and the count of 

10 the P-bit counter is gated-through a gate 66 to an output 
line 68 and resets the second counter 64. The resulting 
gated-through output pulse stream on the line 68 drives 
a multiply-by-N phase-locked loop 70 to recover the 
service clock f r on a line 72 originally sent, as shown in 

is Fig. 1 , from node 1 2 (indicated there as fs) with the dif- 
ference (dF) between 'local sync V 17 anU "local sync 
2' 32 algebraically added, i.e., fs + dF, as shown on the 
line 30 in the receiver 22 of Fig. 1 . 
[00381 The above-mentioned Lau et al article discuss- 

20 es synchronization imperfection in Section G thereof, at 
page 1817-1819, and points out that the timing refer- 
ence obtained in a synchronous network may be subject 
to degradations and impairments, including total loss of 
synchronization. A holdover mode is suggested where 

25 threshold limits of the RTS and data buffer should be 
monitored to detect such an event, and to revert to a 
separate, asynchronous operation, as shown in Fig. 11 
thereof, using a 'bang-bang' type of frequency adjust- 
ment. In other words, a switch is abruptly made from 

30 SRTS mode to asynchronous mode. 

[0039] This degraded mode of operation shown in Fig. 
1 1 of the Lau et al article Is switched on during sync loss 
conditions. The desynchronizer clock is then derived 
based on desynchronizer buffer fill. However, in this 

35 mode, jitter will be much greater than the total network 
jitter allowance due to typically large ATM Cell Delay 
Variation (CDV can be up to 1-3 milliseconds for large 
networks) through the ATM network, as well as individ- 
ual ATM switches. 

40 [0040] A reconstruction of the payload clock rate in 
the desynchronizer based on buffer fill alone would thus 
not be easy to implement, due to ATM CDV Typical val- 
ues of CDV for a single ATM switch are on the order of 
about 9 microseconds. This represents a phase step, e. 

45 g., for a DS3 payload, of about 400 unit intervals (Ul), 
where one DS3 unit interval is equal to 22.3 nanosec- 
onds. This phase step would need to be filtered by a 
buffer-position based filtering algorithm with a desyn- 
chronizer bandwidth BW of 

so 



BW = 



0.4 



10 Hz. 



55 [0041] The 0.4 value in the equation above represents 
the required maximum of 0.4 Ul jitter for mapping type 
conditions and 10 Hz is the DS3 jitter measurement 
highpass filter. Thus, with a 400 Ul phase step due to 



5 




9 



EP091S587A2 



10 



CDV, a desynchronizer filtering bandwidth of lass than 
0.01 Hz would be required. Maximum CDV for a single 
ATM switch can exceed 1 00 microseconds, which would 
drive desynchronizer bandwidths down below 0.001 Hz 
in order to limit jitter from CDV to less than 0.4 Ul pp for 
a DS3 payload. The CDV, through multiple ATM switch- 
es and other equipment, can go even higher, e.g., as 
high as several milliseconds for typical ATM networks. 
[0042] However, according to the present invention, 
Fig. 6 shows a CBR desynchronizer block diagram with 
in-line adaptive filtering. The basic idea is to use the ex- 
isting SRTS algorithm, such as shown in Fig. 5, in con- 
junction with adaptively filtered buffer fill information, as 
shown in a new block 74, as added by the present in- 
vention, to reconstruct the original CBR payload clock 
rate. That is, the SRTS time stamp on a line 76 is used 
as the primary factor in comparison with the local sync 
reference on a line 78 to provide a primary indication on 
a line SO used to generate the recovered payload dock 
rate, as in Fig. 5, with an SRTS time stamp filter 82 to 
provide a primary recovered payload clock signal indi- 
cation on a line 84, similar to the signal on the line 68 of 
Fig. 5. A secondary, payload frequency correction factor 
is generated from filtering the desynchronizer buffer fill 
position using, e.g., the additions shown in the block 74 
of Fig. 6. This correction factor is determined as part of 
a feedback arrangement which strives to keep the con- 
tents of a buffer 86 centered and which adaptively alters 
the filtering time constant based on an offset position of 
the buffer 66 from its center. The buffer will not always 
be centered, as the dF changes cause offsets. The add- 
ed block 74 tries to re-center the buffer, which will take 
time. The net result is there will be movement in the buff- 
er due to dF and CDV. The present invention keeps the 
buffer from overflowing. 

[0043] A buffer, or elastic store, is well known in the 
art for use in storing gapped payload data input on a line 
88 as stored in a memory location according to a write 
address on a line 90 provided by a write counter 92 as 
driven by a gapped payload clock on a line 94. Payload 
data on a line 96 is read from the buffer 86 (similar to 
the buffer 33 of Fig. 1) according to a read address sig- 
nal on a line 96 provided by a read counter 100 driven 
by a recovered payload clock signal on a line 102, which 
is in turn provided by a variable frequency oscillator 1 04. 
A digital-to-analog converter 106 was, in the prior art, 
responsive to the output signal on the line 84 from the 
time stamp filter 82 for converting the digital signal on 
the line 64 to an analog signal on a line 1 08 for driving 
the variable frequency oscillator 104. However, accord- 
ing to the present invention, the signal on the line 84 is 
compared in a comparator 110 with a correction factor 
as represented on a signal line 112 for providing a dif- 
ference signal on a line 1 16 to the digital-to-analog con- 
verter 106. 

[0044] This correction factor on the line 11 2 is provid- 
ed within the newly-added block 74. according to the 
present invention for correcting the time stamp on the 



line 84 in such a way as to keep the buffer centered. It 
is obtained by first comparing the output of the write 
counter 92 and the read counter 100 in a comparator 
114, which provides a difference signal on a line 11 6 in- 
s dicative of the buffer fill position. This buffer fill position 
signal on the line 116 is filtered, e.g., by a proportional- 
integral gain arrangement 118, 120, which provide re- 
spective proportional and integral gain signals on lines 
122, 124 to a summing junction 126, where they are 

10 combined to form the correction signal on the line 112. 
[0045] The time constant used for the proportional 
and integral amplifier can be changed according to the 
buffer fill position by an adaptive filter coefficient change 
mechanism, as illustrated in a block 128. If the buffer fill 

is position is detected as straying from the center at an 
increasing amount, the time constant can be lowered, 
result in a wider adaptive filtering bandwidth to bring it 
back towards the center at a more rapid rate. As it is 
stabilized back to a center position, the time constant 

20 can be restored adaptively. Adaptive filtering time con- 
stants can be chosen such that the overall closed loop 
desynchronizer filtering bandwidth has low gain (less 
than 0.1 dB) so that multiple mapping/desynchronizer 
nodes (ATM islands) can be cascaded along with con- 

25 ventional CBR payload transport through multiple SON- 
ET islands, and so that applicable jitter specifications 
are observed for the CBR payload. 
[0046] The algorithm can be implemented totally in 
the desynchronizer, with no change to the present SRTS 

30 definition. The expected rate of change of the local net- 
work synchronization reference frequency is an impor- 
tant parameter in setting filtering bandwidths and coef- 
ficients. The requirements for maximum synchroniza- 
tion frequency rate of change are under study, and both 

35 T1X1 and ETSl/ITU for both SONET NEs (ANSI Stand- 
ard T1 . 1 05.09), as well as SDH NEs v iTU-draft Standard 
G.81 3) and networkclocks (ITU-G.81 1 and G.81 2). Bell- 
core has issued a network clock standard (TR1244) for 
RBOC network clocks with a maximum Af of 2 x 1 0* 8 for 

40 stratum 3 network clocks (initial frequency step and 
holdover), 10* for stratum 3e network clocks (initial fre- 
quency step), and 10* 10 /day for stratum 2 network 
clocks. 

[0047] In regard to the DAC luo and VCXO 104 of 
45 Fig. 6, it should be realized that they could be replaced 
by a digital oscillator. 

[0048] Similarly, although the invention has been 
shown and described with respect to a best mode em- 
bodiment thereof, it should be understood by those 
50 skilled in the art that the foregoing and various other 
changes, omissions and additions in the form and detail 
thereof may be made therein without departing from the 
spirit and scope of the invention. 
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1. Improved method of constant bit rate (CBR) pay- 
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load timing recovery for asynchronous transfer 
mode (ATM) ceils using a synchronous residual 
time stamp (SRTS) algorithm wherein a time stamp 
(25) recovered at a receiving node (22) is compared 
to a local network derived clock frequency (28) for 
providing a recovered CBR payload frequency (30), 
characterized in that the SRTS algorithm is used in 
conjunction with adaptively filtered buffer fill infor- 
mation for providing said recovered CBR payload 
frequency. 

Improved apparatus for a constant bit rate (CBR) 
payload timing recovery for asynchronous transfer 
mode (ATM) cells, using a synchronous residual 
time stamp (SRTS) algorithm, including means for 
recovering a time stamp at a receiving node, means 
for comparing the recovered time stamp to a local 
network derived clock frequency for providing a re- 
covered CBR payload frequency, characterized by 
means for adaptively filtering buffer fill information 
for providing said recovered CBR payload frequen- 
cy in conjunction with said SRTS algorithm. 

Improved device for recovering at a receiving node 
a source clock frequency (10) used at a transmitting 
node for sending asynchronous transfer mode 
(ATM) constant bit rate (CBR) cells through a net- 
work to the receiving node by reference to a first 
network derived clock frequency (16) derived at the 
transmitting node from a network clock, wherein a 
residual time stamp (RTS) signal (18) provided from 
said transmitting node via said ATM cells to said re- 
ceiving node is indicative of a difference frequency 
between said source clock frequency and said first 
network derived clock frequency and wherein said 
RTS is compared at said receiving node to a second 
network derived clock frequency (28) derived at the 
receiving node from said network clockfor providing 
a difference signal (30) indicative of said source 
clock frequency plus or minus a differential frequen- 
cy (dF) indicative of any difference between said 
first network derived clock frequency and said sec- 
ond network derived clock frequency wherein the 
improvement comprises an adaptive filter (74), for 
use in said receiving node, responsive to said dif- 
ference signal indicative of said source clock fre- 
quency and responsive to a correction signal (112) 
indicative of a fill level of a buffer (86) of said receiv- 
ing node for storing payload data (88) of said ATM 
CBR cells received at the receiving node, for pro- 
viding said difference signal indicative of said 
source clock frequency corrected by said adaptive 
filter. 

The improved device of claim 3, wherein said adap- 
tive filter comprises: 
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address signal and a buffer read address sig- 
nal, for providing a buffer position signal; 
a proportional plus integral gain amplifier (118, 
120), responsive to said buffer position signal, 
for providing said correction signal; and 
an adaptive filter coefficient change device, re- 
sponsive to said buffer position signal, for pro- 
viding a control signal, wherein said proportion- 
al plus integral gain amplifier is responsive to 
said control signal for changing parameters 
thereof. 



a comparator (1 1 4), responsive to a buffer write 
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- 48 bytes ► 

CSI = CS Indication 

SN = Sequence Number 

SNP = Sequence Number Protection 

SDU= Service Data Unit 

CS = Convergence Sublayer 

SAR = Segmentation and Reassembly 
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